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DATA DRIVER AND ELECTRO-OPTIC DEVICE 



RELATED APPLICATIONS 

[0001] This application claims priority to Japanese Patent Application 
No. 2003-080150 filed March 24, 2003 which is hereby expressly incorporated 
by reference herein. 

BACKGROUND 
[0002] Field of the Invention 

[0003] The present invention relates to a data driver and an 
electro-optic device. 

[0004] Description of the Related Art 



[0005] Display panels, typically in the form of liquid crystal panels, are 



installed in portable apparatuses such as cellular phones. For this reason, 
further reduction of consumption power is required for a display panel and a 
drive circuit, which drives the display panel. 

[0006] The drive circuit generally includes a digital component and an 
analog component. Because the digital component is composed of a CMOS 
(complementary metal oxide semiconductor) circuit, its power consumption can 
be reduced by an appropriate control, which does not vary signals of the digital 
component. The power consumption of the analog component of the drive 
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circuit can be reduced by an appropriate control, which shuts off current of a 
current source, for example. 

[0007] The drive circuit may have a power circuit for generating 
drive power and an oscillating circuit for generating a clock for drive control and 
display control. Such power circuits and oscillating circuits require a certain 
period to attain steady operation. Moreover, it is necessary to consider 
product-to-product variations in some cases. This has made it problematic to 
conduct the above-described fine-tuned control for the drive circuit. 

[0008] The present invention has been made in consideration of the 
above-described technical problem, and its purpose is to provide a data driver 
and an electro-optic device, in which control is simpler and more fine-tuned. 

SUMMARY 

[0009] In order to solve the above-described problem, the present 
invention relates to a data driver that drives data lines of an electro-optic device, 
comprising: 

[0010] a state setting register, to which are input setting data for one 
of multiple states, which include a display ON state, in which drive power is 
generated and display operation is conducted using drive signals based on 
display data, a display OFF state, in which drive power is generated but display 
operation using the drive signals is not conducted, and a sleep state, in which 
drive power is not generated and display operation using the drive signals is not 
conducted; 
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[0011] a state setting circuit, which effects transition to any of the 
multiple states in accordance with the setting data input to the state setting 
register and outputs a drive control signal associated with a state of a transition 
destination; and 

[0012] a drive circuit, which drives the data lines with the drive power 
based on the drive control signal; 

[0013] wherein the state setting circuit effects transition from the sleep 
state to the display OFF state when first setting data are input to the state 
setting register during the sleep state, and the state setting circuit effects 
transition from the sleep state to the display OFF state, then effects transition 
from the display OFF state to the display ON state when second setting data 
are input to the state setting register and is followed by input of the first setting 
data to the state setting register during the sleep state. 

[0014] The drive circuit may drive data lines using any of a plurality of 
drive power types, selected on the basis of the drive signal, or may supply drive 
power to a buffer, then drive data lines using power corresponding to the drive 
signal. 

[0015] When display operation is conducted, the drive signal can be 
varied based on the display data, and the data lines can be driven using the 
drive power. When display operation is not conducted, the drive signal based 
on the display data can be fixed. When display operation is not conducted, the 
data lines may be driven in a fixed manner using a predetermined drive power 
instead of the drive power corresponding to the drive signal, or the data lines 
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may be driven alternately using a predetermined drive power in a polarity 
reversal cycle. 

[0016] In the present invention, when the second setting data has 
been input during the sleep state and then followed by the input of the first 
setting data, which induces transition from the sleep state to the display OFF 
state, the state setting circuit effects transition from the sleep state to the display 
OFF state, then effects transition from the display OFF state to the display ON 
state. 

[0017] In general, stable operation of the various circuits within the 
data driver is required for the display operation conducted in the display ON 
state. This is because the failure to secure such stable operation leads to 
degradation of the display quality. Accordingly, the present invention enables 
transition from the display OFF state to the display ON state automatically. 
Thus, it can eliminate bothersome appropriately-timed setting by a user, and 
simplify its control. 

[0018] Furthermore, because the present invention realizes the 
above-described automatic transition to the display ON state by making use of 
setting data, which are not used intrinsically for transition out of the sleep state, 
and by altering the sequence of these setting data input, control can be 
simplified without increasing the scale of the circuit. 

[0019] The data driver of the present invention may also include a 
counter, which counts the number of frame pulses having a scan cycle of scan 
lines of the electro-optic device. When the second setting data is input to the 
state setting register and is followed by input of the first setting data to the state 
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setting register during the sleep state, if the state setting circuit effects transition 
from the sleep state to the display OFF state, then starts the counting by the 
counter, and the count value reaches a predetermined number, the state setting 
circuit may effect transition from the display OFF state to the display ON state. 

[0020] A counter, which counts the number of frame pulses, is 
included in the present invention. The frame pulses have a scan cycle for the 
scan lines, which is generally a value specific to a display system such as 30 Hz 
or 60 Hz. Based on the number of frame pulses, a period for transition, which 
is after the transition to the display OFF state and until the transition from the 
display OFF state to the display ON state, is determined. Therefore, during the 
display OFF state, it is not required to input setting data for inducing the display 
ON state with consideration given to a period necessary to attain stable 
operation of the power circuit and the oscillating circuit. This can further 
simplify the fine-tuned control for reducing power consumption of the data 
driver. 

[0021] Furthermore, as for the data driver of the present invention, the 
"predetermined number" may be a product of f and Y, in which f being the 
frequency in Hertz of the frame pulses and Y being the period in milliseconds for 
the power circuit (for generating the drive power) to stabilize after starting up, or 
for the oscillating circuit (that outputs the clock for generating the frame pulses) 
to stabilize after starting oscillation operation. 

[0022] According to the present invention, without consideration given 
to a period necessary for stable operation of the power circuit and the oscillating 
circuit, it is possible to variably set the period by varying Y during the display 
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OFF state. This can further simplify the fine-tuned control for reducing power 
consumption of the data driver. 

[0023] The present invention further relates to a data driver that drives 
data lines of an electro-optic device, comprising: 

[0024] a state setting register, to which are input setting data for one 
of multiple states, which include a display ON state, in which drive power is 
generated and display operation is conducted using drive signals based on 
display data, a display OFF state, in which drive power is generated but display 
operation using the drive signals is not conducted, and a sleep state, in which 
drive power is not generated and display operation using the drive signals is not 
conducted; 

[0025] a state setting circuit, which effects transition to any of the 
multiple states in accordance with the setting data input to the state setting 
register and outputs a drive control signal associated with a state of a transition 
destination; and 

[0026] a drive circuit, which drives the data lines with the drive power 
based on the drive control signal; 

[0027] wherein the state setting circuit effects transition from the sleep 
state to the display OFF state when first setting data are input to the state 
setting register during the sleep state, and the state setting circuit effects 
transition from the sleep state to the display OFF state, then effects transition 
from the display OFF state to the display ON state when third setting data are 
input to the state setting register during the sleep state. 
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[0028] According to the present invention, transition from the display 
OFF state to the display ON state can be effected automatically. Thus, it can 
eliminate bothersome appropriately-timed setting by a user, and simplify control. 

[0029] As for the data driver of the present invention, the state setting 
circuit may effect transition from the display OFF state to the sleep state when 
fourth setting data is input to the state setting register during the display OFF 
state, and the state setting circuit may effect transition from the display ON state 
to the display OFF state, then may effect transition from the display OFF state 
to the sleep state when the fourth data is input to the state setting register 
during the display ON state. 

[0030] In the present invention, input of the fourth setting data (which 
induces transition from the display OFF state to the sleep state) during the 
display ON state results in transition from the display ON state to the display 
OFF state, followed by transition from the display OFF state to the sleep state. 

[0031] Therefore, bothersome operation, such as inputting a 
predetermined setting data during the display ON state to effect the display OFF 
state, followed by inputting the fourth setting data to effect transition to the sleep 
state, is eliminated. Thus, it can eliminate bothersome appropriately-timed 
setting by a user, and simplify control. 

[0032] The present invention further relates to a data driver that drives 
data lines of an electro-optic device, comprising: 

[0033] a state setting register, to which are input setting data for one 
of multiple states, which include a display ON state, in which drive power is 
generated and display operation is conducted using drive signals based on 
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display data, a display OFF state, in which drive power is generated but display 
operation using the drive signals is not conducted, and a sleep state, in which 
drive power is not generated and display operation using the drive signals is not 
conducted; 

[0034] a state setting circuit, which effects transition to any of the 
multiple states in accordance with the setting data input to the state setting 
register and outputs a drive control signal associated with a state of a transition 
destination; and 

[0035] a drive circuit, which drives the data lines with the drive power 
based on the drive control signal; 

[0036] wherein the state setting circuit effects transition from the 
display OFF state to the sleep state when fourth setting data are input to the 
state setting register during the display OFF state, and the state setting circuit 
first effects transition from the display ON state to the display OFF state, then 
effects transition from the display OFF state to the sleep state when fourth 
setting data are input to the state setting register during the display ON state. 

[0037] In the present invention, input of the fourth setting data (which 
induces transition from the display OFF state to the sleep state) during the 
display ON state results in transition from the display ON state to the display 
OFF state, followed by transition from the display OFF state to the sleep state. 
Thus, after effecting the display OFF state by inputting a predetermined setting 
data during the display ON state, transition from the display ON state to the 
sleep state can be effected without inputting the fourth setting data for effecting 
transition to the sleep state. Thus, it can eliminate bothersome operation, such 
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as when appropriately-timed setting by a user is required, from a user, and 
simplify control. 

[0038] The present invention further relates to an electro-optic device 
that includes a plurality of scan lines, a plurality of data lines, a plurality of pixels 
coupled to the plurality of scan lines and the plurality of data lines, a scan driver 
for driving the plurality of scan lines, and any of the above-described data 
drivers for driving the plurality of data lines. 

[0039] The present invention further relates to an electro-optic device 
that includes: a display panel including a plurality of scan lines, a plurality of 
data lines, and a plurality of pixels coupled to the plurality of scan lines and the 
plurality of data lines; a scan driver for driving the plurality of scan lines; and ariy 
of the above-described data drivers for driving the plurality of data lines. 

[0040] According to the present invention, an electro-optic device, 
which permits fine-tuned control for reducing power consumption without 
consideration given to the input timing for the setting data that induce the state 
transitions, can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0041] * FIGS. 1 (A) and (B) show equivalent circuit diagrams of 

example configurations of an electro-optic device. 

[0042] FIG. 2 shows a block diagram illustrating a schematic 

configuration of a data driver. 

[0043] FIG. 3 shows a diagram of a data driver and a host. 
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[0044] FIG. 4 shows a block diagram illustrating a schematic 
configuration of a state controller. 

[0045] FIG. 5 shows a diagram illustrating an example of state 
transitions controlled by a state controller. 

[0046] FIGS. 6 (A) and (B) show schematic diagrams illustrating state 
transitions in response to transition commands that are input in each state. 

[0047] FIG. 7 shows a block diagram illustrating a schematically 
configuration of a command input unit. 

[0048] FIG. 8 shows a circuit diagram illustrating an example 
configuration of major constituents of a state setting circuit. 

[0049] FIG. 9 shows a circuit diagram illustrating another example 
configuration of major constituents of a state setting circuit. 

[0050] FIG. 10 shows a circuit diagram illustrating an example 
configuration of a PWM decoder circuit and a drive circuit in FIG. 2. 

[0051] FIG. 11 shows a circuit diagram illustrating an example 
configuration of a PWM decoder circuit shown in FIG. 10. 

[0052] FIG. 12 shows a timing diagram of an example operation of 
circuits shown in FIGs. 10 and 11. 

[0053] FIG. 13 shows a flow diagram illustrating an outline of 
operation of a circuit shown in FIG. 8. 

[0054] FIG. 14 shows a timing diagram of an example operation of a 
circuit shown in FIG. 8. 

[0055] FIG. 15 shows a flow diagram illustrating an outline of 
operation of a circuit shown in FIG. 9. 
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[0056] FIG. 16 shows a timing diagram of a first example operation of 
a circuit shown in FIG. 9 

[0057] FIG. 17 shows a timing diagram of a second example 
operation of a circuit shown in FIG. 9. 

DETAILED DESCRIPTION 
[0058] Hereinafter, preferred embodiments of the present invention 
will be described in detail with reference to the drawings. The embodiments 
described below should not be construed to unduly limit the scope of the 
present invention as set forth in the claims. Nor do all the configurations 
described below necessarily represent essential configurational requirements 
for the present invention. 

[0059] 1 . Electro-optic device 

[0060] FIGs. 1 (A) and (B) show equivalent circuits for example 
configurations of an electro-optic device 10. The electro-optic device 10 
includes a display panel 20. As shown in FIG. 1 (A), an active matrix type 
display panel employing a TFD (more broadly, 2-terminal nonlinear elements) 
can be used for the display panel 20. 

[0061] The display panel 20 includes a plurality of scan lines 30 and a 
plurality of data lines 32. The plurality of scan lines 30 are scanned by a scan 
driver 40. The plurality of data lines 32 are driven by a data driver 50. Within 
each pixel domain 34, a TFD 36 and an electro-optic material (liquid crystal) 38 
are coupled in series between each of scan lines 30 and data lines 32. 
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[0062] In the display panel 20, display operation is controlled by 
switching the electro-optic material 38 among a display state, a non-display 
state and an intermediate state based on signals that are applied to the scan 
lines 30 and the data lines 32. Although in FIG. 1 (A), the TFD 36 is coupled to 
each of the scan lines 30 and the electro-optic material 38 is coupled to each of 
the data lines 32, the opposite configuration, in which the TFD 36 is coupled to 
each of the data lines 32 and the electro-optic material 38 is coupled to each of 
the scan lines 30, is possible. 

[0063] As shown in FIG. 1 (B), the display panel may be configured so 
that at least one of a data driver 60 and a scan driver 62 is formed on the glass 
substrate, on which the pixels are formed. The data driver 60 has similar 
functions to the data driver 50. The scan driver 62 has similar functions to the 
scan driver 40. For example, the display panel 20 includes the plurality of scan 
lines 30, the plurality of data lines 32, the plurality of pixels coupled to the 
plurality of scan lines 30 and plurality of data lines 32, the scan driver 62 that 
scans the plurality of scan lines 30, and the data driver 60 that drives the 
plurality of data lines 32. In this case, the display panel 20 can be termed as 
an electro-optic device, and with a drastic reduction of the packaging area, it 
can contribute to the compactness and light-weight of electronic apparatuses. 

[0064] In FIGs. 1 (A) and (B), the active matrix type panel employs 
TFD, but it is by no means limited to those, and an active matrix panel with a 
three-terminal element such as TFT or another type of a two-terminal element 
may be used. The panel may also be a passive matrix type display panel. 
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[0065] 2. Data driver 

[0066] FIG. 2 shows a schematic configuration of the data driver 50. 
The data driver 50 includes a display data RAM 200, a pulse width modulation 
(PWM) decoder circuit 210, a drive circuit 220, a power circuit 230, an 
oscillating circuit 240, and a control circuit 250 that controls the 
above-described circuits. 

[0067] The display data RAM 200 memorizes one frame worth of 
display data. Display data are written into the display data RAM 200 by an 
external host. The data driver 50 drives the data lines based on the display 
data that are memorized in the display data RAM 200. 

[0068] The display data that are read from the display data RAM 200 
are supplied to the PWM decoder circuit 210. The PWM decoder circuit 210 
generates a PWM signal (drive signal) with a pulse width corresponding to the 
display data. The drive circuit 220 drives the data lines with drive power 
corresponding to the PWM signal generated by the PWM decoder circuit 210. 

[0069] The power circuit 230 generates drive power for driving the 
data lines by the drive circuit 220. Generation of drive power by the power 
circuit 230 starts or stops based on control signals from the control circuit 250. 

[0070] The oscillating circuit 240 generates an oscillation output 
(clock) for generating each timing for the data driver 50. Based on the 
oscillation output, the dot clock, the frame pulse that specifies the vertical scan 
period, and the latch pulse that specifies the horizontal scan cycle are 
generated. Oscillation operation of the oscillating circuit 240 starts or stops 
based on control signals from the control circuit 250. 
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[0071] Besides control of the above-described power circuit 230 and 
oscillating circuit 240, the control circuit 250 also conducts control of reading of 
display data from the display data RAM 200. In addition, the control circuit 250 
outputs drive control signals to the PWM decoder circuit 210 and the drive 
circuit 220 so as to conduct drive control for the data lines, control for stopping 
logic signal operation of the PWM decoder circuit 210 and drive circuit 220, and 
control for stopping of current for an analog circuit. 

[0072] As shown in FIG. 3, drive control of the data lines by the data 
driver 50 is conducted by a host 300 such as micro processor unit (MPU) or the 
like. As shown in FIG. 3, the host generates display data for driving the display 
panel, supplies them to the data driver 50, and instructs display control such as 
display start and display stop to the data driver 50. 

[0073] The data driver 50 conducts fine-tuned control for reducing its 
power consumption by making transitions among multiple states, in which each 
state conducts a pre-determined control. For this reason, the data driver 50 
receives a command, which is input by setting data from the host 300, and 
effects transition to the state corresponding to the command in question. 

[0074] Accordingly, the control circuit 250 includes a state controller 
260. The state controller 260 controls transitions among the multiple states. 
The state controller 260 outputs various control signals such as drive control 
signals for conducting drive control, depending on the state of a transition 
destination. The display data RAM 200, the PWM decoder circuit 210, the 
drive circuit 220, the power circuit 230 and the oscillating circuit 240 are 
controlled based on such control signals. 
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[0075] Either the power circuit 230 or the oscillating circuit 240, or 
both, may be externally mounted instead of being built into the data driver 50. 
Even in this case, the externally mounted circuit is controlled by the control 
signals from the state controller 260. 

[0076] FIG. 4 shows a schematic view of the configuration of the state 
controller 260. The state controller 260 includes a state setting register 262 
and a state setting circuit 264. When setting data for inducing one of the 
multiple states are input, the state setting circuit 264 effects transition to one of 
the multiple states in accordance with the setting data input to the state setting 
register 262, and outputs a drive control signal associated with a state of a 
transition destination. The drive circuit 220 drives the data lines using drive 
power that corresponds to the drive signal based on the drive control signal that 
is output by the state setting circuit 264 and associated with a state of a 
transition destination. 

[0077] The state controller 260 can include a counter 266. The 
counter 266 counts the number of frame pulses having a scan cycle for the 
scan lines of the display panel 20. In this case, the state setting circuit 264 can 
effect transition from a first state to a second state based on the count value of 
the counter 266. 

[0078] Hereinafter, the state controller 260 will be described in more 
specific detail. 

[0079] The multiple states, whose transitions are controlled by the 
state controller 260, include the display ON state, the display OFF state and the 
sleep state. 
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[0080] FIG. 5 shows an example of state transitions controlled by the 
state controller 260. For simplicity of description, an example, where drive 
control of the data driver is conducted using transition among three states: the 
sleep state, the display OFF state and the display ON state, is shown. 

[0081] In the sleep state ST500, the data driver 50 does not generate 
drive power and hence does not conduct any display operations using drive 
signals. That is, generation of drive power by the power circuit 230 is stopped, 
and oscillation operation of the oscillating circuit 240 is stopped. 

[0082] In the display ON state ST510, the data driver 50 generates 
drive power and conducts display operations using drive signals. That is, drive 
power is generated by the power circuit 230, and the oscillating circuit 240 
conducts oscillation operation. 

[0083] In the display OFF state ST520, the data driver 50 generates 
drive power, but does not conduct any display operations using drive signals. 
That is, drive power is generated by the power circuit 230, but oscillation 
operation by the oscillating circuit 240 is stopped. 

[0084] As shown in FIG. 3, the data driver 50 can transit to any of the 
sleep state ST500, the display ON state ST510 or the display OFF state ST520 
by commands corresponding to the setting data that are input by the host 300. 

[0085] More specifically, when in the sleep state ST500, the data 
driver 50 transits to the display OFF state ST510 in response to a SLPOUT 
command input by the host 300. Similarly, when in the display OFF state 
ST510, the data driver 50 transits to the sleep state ST500 in response to a 
SLPIN command, or to the display ON state ST520 in response to a DISON 
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command, the command in either case being input by the host 300. When in 
the display ON state ST520, the data driver 50 transits to the display OFF state 
ST510 in response to a DISOFF command input by the host 300. 

[0086] However, the power circuit 230 and oscillating circuit 240 
require a certain time to attain stable operation before they can be controlled, 
which means that the above-described commands must be input from the host 
300 with appropriate timing in order to effect transitions shown in FIG. 5. 

[0087] Moreover, the state controller 260 prescribes transition 
commands for each state. For example, the SLPOUT command is prescribed 
as the transition command for the sleep state. Therefore, even if the SLPIN 
command, the DISON command, or the DISOFF command are input during the 
sleep state, no direct transition to the states corresponding to those commands 
is effected. 

[0088] As for the state controller 260, a control is conducted as 
follows. On a condition that a command other than the prescribed transition 
command for a predetermined state is input to the predetermined state, the 
state is transited to a state corresponding to the prescribed transition command 
at first when the prescribed transition command is input, then transited to a 
state corresponding to a command other than the prescribed transition 
command. 

[0089] As for the state controller 260, a control is conducted as 
follows. When a command other than the prescribed transition command for a 
predetermined state is input to the predetermined state, the state is transited to 
a state corresponding to the prescribed transition command at first, then 
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transited to a state corresponding to a command other than the prescribed 
transition command. 

[0090] FIG. 6 (A) and (B) show schematically the transitions in 
response to transition commands input in various states. FIG. 6 (A) shows 
schematically the state transitions when transition commands are input in the 
various states shown in FIG. 5. FIG. 6 (B) shows schematically the state 
transitions when a command other than the prescribed transition command is 
input before the prescribed transition command is input by altering the order of 
command input to the states shown in FIG. 5. 

[0091] In FIG. 6 (A), as shown in FIG. 5, the state transits to the 
display OFF state by inputting an SLPOUT command during the sleep state, for 
example. The state transits to the display ON state by a DISON command 
during the display OFF state, for example. 

[0092] In FIG. 6 (B), on the other hand, when a DISON command is 
input to the sleep state, the state does not transit to any states in the state 
transition diagram shown in FIG. 5. However, when the SLPOUT command is 
input to the sleep state on a condition that a DISON command has already been 
input to the sleep state, the state transits to the display OFF state, and followed 
by an automatic transition to the display ON state without a fresh DISON 
command being input. In this way, bothersome command input can be 
avoided. 

[0093] Similarly, when a SLPIN command is input to the display ON 
state, the state transits to the display OFF state, and followed by an automatic 
transition to the sleep state without a fresh SLPIN command being input. 
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[0094] Thus, when a setting data corresponding to the SLPOUT 
command (first setting data) is input to the state setting register 262 during the 
sleep state, the state setting circuit 264 of the state controller 260 effects 
transition from the sleep state to the display OFF state. When a setting data 
corresponding to the DISON command (second setting data) is input to the 
state setting register 262 during the sleep state, and subsequently a setting data 
corresponding to the SLPOUT command (first setting data) is input to the state 
setting register 262, the state setting circuit 264 effects transition from the sleep 
state to the display OFF state, then effects transition from the display OFF state 
to the display ON state. 

[0095] For this reason, bothersome appropriately-timed input of 
commands from the host can be eliminated and control can be simplified. 

[0096] The state setting circuit 264 may effect transition from the 
display OFF state to the display ON state using the counter 266. More 
specifically, when setting data corresponding to the SLPOUT command (first 
setting data) are input to the state setting register 262 after setting data 
corresponding to the DISON command (second setting data) are input to the 
state setting register 262 during the sleep state, the state setting circuit 264 may 
effect transition from the sleep state to the display OFF state, then effect 
transition from the display OFF state to the display ON state based on a count 
value of the counter 266. 

[0097] Still more specifically, transition from the display OFF state to 
the display ON state may be effected on a condition that the counter 266 starts 
to count after the above-described transition from the sleep state to the display 



F009169 



- - 20 - - 



9319S-000699 



OFF state is effected and the count value reaches a predetermined number. In 
this case, the count value is a product of f and Y, in which f being the frequency 
in Hertz of the frame pulses and Y being the period in milliseconds for the power 
circuit 230 to stabilize after starting up, or for the oscillating circuit 240 (that 
outputs the clock for generating the frame pulses) to stabilize after starting 
oscillation operation. The count value for the counter 266 can be made 
variable by providing a setting register for setting Y and enabling access to the 
setting register by the host. 

[0098] By using a counter, which counts the number of frame pulses 
to effect the transition from the display OFF state to the display ON state, it 
becomes unnecessary for inputting the DISON command from the host with 
consideration given to a period necessary for the power circuit and the 
oscillating circuit to attain stable operation during the display OFF state. This 
can further simplify the fine-tuned control for reducing the power consumption of 
the data driver 50. 

[0099] The state setting circuit 264 may effect transition from the 
sleep state to the display OFF state, then effect transition from the display OFF 
state to the display ON state when third setting data, distinct from the first and 
second setting data, are input to the state setting register 262 during the sleep 
state. In this case, it is also possible to obtain the same effects as in the 
above-described cases. However, the scale of the circuit is increased because 
it is necessary to decode the third setting data in addition to the first and second 
setting data. 
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[0100] In addition, when setting data corresponding to the SLPIN 
command (fourth setting data) are input to the state setting register 262 during 
the display OFF state, the state setting circuit 264 of the state controller 260 
effects transition from the display OFF state to the sleep state. Moreover, 
when setting data corresponding to the SLPIN command (fourth setting data) is 
input to the state setting register 262 during the display ON state, the state 
setting circuit 264 effects transition from the display ON state to the display OFF 
state, then effects transition from the display OFF state to the sleep state. 

[0101] Also in this case, bothersome appropriately-timed input of 
commands from the host can be eliminated and control can be simplified. 

[0102] Next, a detailed description of example configurations of the 
state controller 260, and the PWM decoder circuit 210 and the drive circuit 220 
that are controlled by the state controller 260 will be explained. 

[0103] FIG. 7 shows a schematic view of the configuration of a 
command input unit for inputting the setting data to the state setting register 262. 
The command input unit is included in the control circuit 250 or in the state 
controller 260. The command input unit includes a command register 600, a 
decoder 610, a display control register 620 and a sleep control register 630. 
The display control register 620 and the sleep control register 630 are 
equivalent to the state setting register 262 shown in FIG. 4. 

[0104] The command register 600 registers commands from the host 
300 as input data. The decoder 610 decodes the input data registered in the 
command register 600. 
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[0105] When the input data registered in the command register 600 
are determined to be the DISON command or the DISOFF command by the 
decoder 610, data corresponding to such commands are registered in the 
display control register 620. In case of the DISON command, "1" is registered 
in the display control register 620, while in case of the DISOFF command, "0" is 
registered in the display control register 620. The input of the display control 
register 620 is output as DISON__REG signal. Accordingly, when the 
DISONJREG signal changes from the "IT level to the "L" level, it signifies that 
the DISOFF command has been registered. Conversely, when the 
DISON_REG signal changes from the "L" level to the "IT level, it signifies that 
the DISON command has been registered. 

[0106] When the input data registered in the command register 600 is 
determined to be the SLPOUT command or the SLPIN command by the 
decoder 610, data corresponding to such command are registered in the sleep 
control register 630. In case of the SLPOUT command, "1" is registered in the 
sleep control register 630, while in case of the SLPIN command, "0" is 
registered in the sleep control register 630. The input of the sleep control 
register 630 is output as SLPOUTJREG signal. Accordingly, when the 
SLPOUT_REG signal changes from the "IT level to the "L" level, it signifies that 
the SLPIN command has been registered. Conversely, when the 
SLPOUTJREG signal changes from the "L" level to the "IT level, it signifies that 
the SLPOUT command has been registered. 

[0107] FIGs. 8 and 9 show major constituents of example 
configurations of the state setting circuit 264. In FIG. 8, the RESET signal is an 



F009169 



- - 23 - - 



9319S-000699 



initializing signal used as the display stopping signal, and is active at the "L" 
level. A SLPOUT_REAL signal is generated by a circuit shown in FIG. 9. The 
DISONMREG signal is a signal corresponding to the setting of the display 
control register 620 shown in FIG. 7. 

[0108] DFF1 takes in the DISONJREG signal when the RESET signal 
falls, and outputs a RESET_SEL signal. 

[0109] DFF2 takes in the RESET signal when the SLPOUT_REAL 
signal, which is input via a buffer, rises, and outputs a RESET_PRE1 signal. 
DFF2 is reset when the SLPOUT REAL signal is at the "L" level. 

[0110] A RESET_PRE2 signal is the output signal of a buffer, to which 
the RESET signal is input. A RESETJDTHERS signal is the logical sum of 
one of the RESET_PRE1 and the RESET_PRE2 signal selected on the basis of 
the RESET_SEL signal, and the RESET signal. A RESET_SLPOUT signal is 
the output signal of a buffer, to which the RESET signal is input. 

[0111] When the RESET_SLPOUT signal is at the "L" level, only the 
sleep control register 630 is initialized. The RESET_OTHERS signal initializes 
the display control register 620 and other control registers (not shown), 
excluding the sleep control register 630. 

[0112] In FIG. 9, a FRAME_CLK signal corresponds to the frame 
pulse. The SLPOUT_REG signal is a signal corresponding to the input of the 
sleep control register 630 shown in FIG. 7. 

[0113] DFF4 takes in the DISON_REG signal when the 
SLPOUT_REG signal falls, and outputs it as a SLPIN_SEL signal. Falling of 
the SLPOUT_REG signal signifies that the SLPIN command has been input. 
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Therefore, DFF4 outputs the DISONREG signal as the SLPIN_SEL signal 
when the SLPIN command is input. 

[0114] DFF5 takes in the SLPOUT_REG signal when the 
FRAME_CLK signal rises, and outputs it as an SLPOUT_PRE1 signal. DFF6 
takes in the SLPOUT_ PRE1 signal when the FRAME_CLK signal rises. DFF7 
takes in the output signal of DFF6 when the FRAME_CLK signal rises. A 
falling edge detection circuit DDET detects the falling edge of the SLPOUT_ 
PRE1 signal, and output the result as a pulse. When the pulse is at the "L" 
level, DFF5 and DFF6 are initialized. 

[0115] DFF8 takes in the DISON REG signal when the FRAME_CLK 
signal rises, and outputs it as a DISON_PRE2 signal. The logical product of 
the output signal of DFF7 and the DISON_PRE2 signal becomes the 
DISON_PRE1 signal. DFF9 takes in the DISON_REG signal when the 
SLPOUT REG signal rises, and outputs it as a SLPOUT_SEL signal. 

[0116] The DISON_PRE1 signal changes to the "H" level, if a DISON 
command is input when three frames have elapsed from the frame where the 
SLPOUT command was input. The DISON_PRE2 signal changes to the "H" 
level in the next frame after the one where the DISON command was input. 
The SLPOUT_SEL signal indicates whether or not the DISON command has 
been input when the SLPOUT command is input. In FIG. 9, the DISON_PRE1 
signal is selected and output as the DISON_SELOUT signal, if a DISON 
command has been input when the SLPOUT command is input, while the 
DISON_PRE2 signal is selected and output as the DISON_SELOUT signal, if a 
DISON command has not been input when the SLPOUT command is input. 
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[0117] DFF10 takes in the DISON_SELOUT signal when the 
FRAME_CLK signal rises. The logical sum of the output signal of DFF10 and 
the DISOISLSELOUT signal becomes the DISON_REAL signal. The logical 
product of the output signal of DFF10 and the inverted signal of the 
DISON_SELOUT signal becomes an OFFDATA_ENA signal. 

[0118] In other words, the DISON REAL signal is a signal, in which 
the DISON_SELOUT signal is extended by just one frame. The 
OFFDATA_ENA signal is a signal that changes to the "H" level just for the one 
frame that comes after falling of the DISON_SELOUT signal. 

[0119] DFF11 takes in the SLPOUT_PRE1 signal when the 
FRAME_CLK signal rises. DFF121akes in the output signal of DFF11 when 
the FRAME CLK signal rises, and outputs it as the SLPOUT_PRE2 signal. 

[0120] The SLPOUT_REAL signal is a signal, which is selectively 
output either the SLPOUT_PRE1 signal or the SLPOUT_PRE2 signal according 
to the SLPIN_SEL signal. 

[0121] FIG. 9 shows a configuration, in which transition to the display 
ON state is effected after three frames have elapsed, using shift registers as the 
counter 266. Thus, DFF5 through DFF7 in FIG. 9 are equivalent to the counter 
266 in FIG. 4. 

[0122] FIG. 10 shows an example configuration of the PWM decoder 
circuit 210 and the drive circuit 220 shown in FIG. 2. Only the configuration of 
the output of one data line is shown here, but the outputs of the other data lines 
have a similar configuration. In FIG. 10, inverted display data X15 through X10, 
which are the results of inversion of display data configuring six bits for one dot, 
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are taken into a data latch 700 from the display data RAM 200. When display 
data are "101010 (= 2Ah)", the inverted display data X15 through X10 become 
"010101 (= 15h)". The data latch 700 takes in the inverted display data X15 
through X10 when the latch enable LNLH rises (when the inverted signal 
XLNLH of the latch enable LNLH falls). The latch enable LNLH has a change 
point, in which it changes at an earlier timing than the change point of latch 
pulse LP. The display data, taken into the data latch 700 based on the latch 
enable LNLH (the inverted signal XLNLH of the latch enable LNLH), is supplied 
to the PWM decoder circuit 710. 

[0123] The PWM decoder circuit 710 is a coincidence detection circuit. 
A gradation reset signal XRES and a six-bit gradation count GSC [5:0] are 
supplied to the PWM decoder circuit 710. The gradation reset signal XRES 
changes to the "L" level each time that a horizontal scan cycle starts. The 
gradation count GSC [5:0] is initialized by the gradation reset signal XRES. 
The gradation count GSC [5:0] is incremented by a gradation clock during each 
horizontal scan cycle. 

[0124] In FIG. 10, the inverted display data X15 through X10, XF [5 : 
0], and the PWM signal may be termed as the drive signals, while the gradation 
count GSC [5 : 0], the latch enable LNLH (XLNLH), and the OFFDATA_ENA 
signal may be termed as the drive control signals. Because the buffer 740 
consists of ordinary operational amplifiers, on/off control for shut-off of the 
steady-state current of a current source is preferably conducted by drive control 
signals (not shown). 
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[0125] Fig. 11 shows an example configuration of the PWM decoder 
circuit 710. The PWM decoder circuit 710 detects coincidence of the inverted 
display data X15 through X10 with the gradation counter GSC [5:0]. The 
"coincidence detection" refers to detecting that the bits of the inverted display 
data X15 through X10 and the bits of the gradation counter GSC [5:0] are 
mutually complementary. However, such detection may be alternatively 
conducted by detecting states that are equivalent to coincidence between two 
values with the bit-level detection whether the two values to be compared are 
equal or not. 

[0126] When the bits of the inverted display data X15 through X10 
and the bits of the gradation counter GSC [5:0] are mutually complementary, a 
node ND that has been pre-charged by the gradation reset signal XRES 
changes to the "L" level. Because the logical level of the node ND is retained 
by a flip-flop, the PWM signal changes from the "L" level to the "H" level when 
the bits of the inverted display data X15 through X10 and the bits of the 
gradation counter GSC [5:0] are mutually complementary. As a result, the 
PWM signal can possess a pulse width corresponding to the gradation value 
used as the display data. 

[0127] FIG. 12 shows an example of operation of the circuits shown in 
FIGs. 10 and 11. The example assumes that the inverted display data X15 
through X10 are "101010 (= 2Ah)". When the gradation reset signal XRES 
changes to the "L" level, the gradation count GSC [5:0] is incremented, starting 
from its initialized state, and when the gradation count GSC [5:0] reaches 
"010101 (= 15h)", the bits of the gradation count GSC [5:0] becomes mutually 
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complementary with the bits of the inverted display data X15 through X10. 
Therefore, when the gradation count GSC [5:0] is "010101 (= 15h)", the PWM 
signal changes to the "IT level. 

[0128] In FIG. 10, the PWM signal, which is output from the PWM 
decoder circuit 710, is masked by an inverted signal of the OFFDATA_ENA 
signal. Therefore, the pulse width of the masked signal can be a pulse width 
corresponding to the gradation value of 0 by the OFFDATA_ENA signal. By 
using the OFFDATA_ENA signal for masking in this way, a drive voltage 
corresponding to the OFF data can be output by a simple configuration without 
having the PWM decoder circuit 710 generate a pulse width corresponding to 
the gradation value of 0. 

[0129] The masked signal undergoes, for example, frame inversion 
based on a polarity reversal signal FR. The frame-inverted signal is taken into 
the line latch 720. The line latch 720 takes in the frame-inverted signal based 
on a gradation latch enable signal GSLH and the inverted signal XGSLH. The 
level of the signal taken into the line latch 720 is converted by an US 730. The 
output of L/S 730 is input to a buffer 740. The output of the buffer 740 is 
coupled to the data lines. 

[0130] Next, the operation of the circuits shown in FIG. 8 and FIG. 9 
that conduct drive control of the PWM decoder circuit 210 and the drive circuit 
220 will be described. 

[0131] FIG. 13 shows an outline of operational flow of the circuit 
shown in FIG. 8. 
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[0132] FIG. 14 shows a timing diagram for an example operation of 
the circuit shown in FIG. 8. In the circuit shown in FIG. 8, when the RESET 
signal changes from the "H" level to the "L" level (step S800:Y), DFF1 takes in 
the DISON REG signal, and outputs the RESET_SEL signal. When the 
DISON_REG signal is at the "H" level (step S801:Y), the RESET_PRE1 signal 
is selected as the RESET_OTHERS signal. As a result, only the 
RESET_SLPOUT signal changes to the "L" level and only the sleep control 
register 630 is initialized (step S802). When the sleep control register 630 is 
initialized, the SLPOUT_REG signal changes from the "H" level to the "L" level, 
so that the states transits to the display OFF state (step S803). As described 
later, this makes the SLPOUT_REAL signal in the circuit shown in FIG. 9 
change to the "L" level. Therefore, the RESET_PRE1 signal changes to the 
"L" level, and is output as the RESETOTHERS signal. As a result, the 
remaining control registers are initialized (step S804). 

[0133] On the other hand, when the RESET signal has changed from 
the "H" to the "L" level, and the DISON_REG signal is at the "L" level in step 
S801 (Step S801:N), the RESET_PRE2 signal is selected and output as the 
RESETJDTHERS signal (Step S805). As a result, all of the control registers 
including the sleep control register 630 are initialized. 

[0134] FIG. 15 shows an outline of operational flow of the circuit 
shown in FIG. 9. 

[0135] FIG. 16 shows a timing diagram for a first example operation of 
the circuit shown in FIG. 9. As shown in FIG. 6 (A), the first example operation 
represents an operation where the DISON command is input after the SLPOUT 
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command is input to the sleep state and the state is transited to the display OFF 
state. 

[0136] FIG. 17 shows a timing diagram for a second example 
operation of the circuit shown in FIG. 9. As shown in FIG. 6 (B), the second 
example operation represents an operation where an SLPOUT command is 
input after a DISON command has been input to the sleep state. 

[0137] When an SLPOUT command is input to the sleep state, the 
SLPOUT_REG signal changes from the "L" level to the "H" level. At this time 
(step S900:Y), the DISON_REG signal is taken in by DFF9 shown in FIG. 9. 
When the DISON_REG signal is at the "L" level (step S901:N), the 
DISON_PRE2 signal is output as the DISON_SELOUT signal. 

[0138] This makes the DISONJREAL signal change to the "L" level, 
triggering transition to the display OFF state (step S902). The DISONJREAL 
signal conducts, for example, output control of drive control signals such as the 
enable signal for drive of the data lines. With such output control, varying or 
fixing of the drive control signals is conducted. When the DISON_REAL signal 
is at the "H" level, output control of the drive control signals is turned on and the 
drive control signals are varied, while when the DISON_REAL signal is at the 
"L" level, output control of the drive control signals is turned off and the drive 
control signals are fixed. 

[0139] When the DISONJREG signal is at the "H" level at step S901 
(step S901:Y), the DISON_PRE1 signal is output as the DISON_SELOUT 
signal. The DISON_PRE1 signal changes to the "H" level when the 
SLPOUT_REG signal has been at the "H" level for a period of three frames. 
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Therefore, during such period, the circuit transits to the display OFF state (step 
S903), as shown in FIG. 20. Then, three frames after the flame that is input 
the SLPOUT command, the circuit transits to the display ON state (step S904). 

[0140] When the SLPIN command is input to the display OFF state or 
display ON state, the SLPOUTJREG signal changes from the "H" level to the 
"L" level. When this happens (step S900:N, step S905:Y), the DISONJREG 
signal is taken in by the DFF4 shown in FIG. 9. When the DISONJREG signal 
is at the "L" level (step S906:N), the SLPOUT_PRE1 signal is output as the 
SLPOUT REAL signal. As a result, the circuit transits to the sleep state in the 
next frame after the one where the SLPIN command is input (step S907) as 
shown in FIG. 17. 

[0141] At step S906, when the SLPOUT_REG signal has changed 
from the "H" level to the "L" level, and when the DISON_REG signal taken in by 
DFF4 is at the "H" level (step S906:N), the SLPOUT_PRE2 signal is output as 
the SLPOUT_REAL signal. When the SLPOUTJREG signal remains at the "H" 
level for a period of three frames, the SLPOUT_PRE2 signal changes to "H M 
level, so that the circuit does not transit to the sleep state during such period. 
When an SLPIN command is input at such period, as shown in FIG. 17, the 
SLPOUT_REG signal changes to the "L" level, so that the falling edge detection 
circuit DDET detects a fall of the output of DFF5. Therefore, in the next frame 
after the one where the SLPIN command was input, DFF5 and DFF6 are 
initialized and the DISON_PRE1 signal changes to the "L" level. As a result, in 
the frame where the DISON_PRE1 signal changes to the "L" level, the 
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OFFDATA_ENA signal changes to the "IT level and drive voltage corresponding 
to the OFF data is output to the data lines (step S908). 

[0142] In the succeeding frame, the DISON_REAL signal changes to 
the "L" level, so that the circuit transits to the display OFF state (step S909). 

[0143] Subsequently, when two frames have passed after DFF5 is 
initialized at the time when the falling edge detection circuit DDET detected its 
falling edge, the SLPOUT_PRE2 signal changes to the "L" level, so that the 
circuit transits to the sleep state (step S910). 

[0144] When the SLPOUT_REAL signal is at the "H" level, the 
operation of the power circuit can be turned on so as to generate drive power. 
Conversely, when the SLPOUT_REAL signal is at the "L" level, the operation of 
the power circuit can be turned off so as to stop generation of drive power. 
Moreover, when the SLPOUT_REAL signal is at the "H" level, the oscillation 
operation of the oscillating circuit, which generates the drive reference clock for 
specifying the above-described display timing and latch timing, can be turned 
on. Moreover, when the SLPOUT_REAL signal is at the "L M level, the 
oscillation operation of the oscillating circuits can be turned off. 

[0145] The present invention is not limited to the above-described 
embodiments, and various modifications can be made within the scope of the 
spirit of the present invention. 

[0146] The drive circuit may drive the data lines using any of a 
plurality of drive power types, selected on the basis of the drive signal, or may 
supply drive power to a buffer, then drive the data lines using power 
corresponding to the drive signal. 
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[0147] Furthermore, as for the invention cited in the dependent claims 
in the present invention, some of the configurational components of the 
independent claim may be omitted from such a configuration. Moreover, major 
elements of the invention relating to the independent claims of the present 
invention may be made dependent on other independent claims. 



